ABSTRACT The major histocompatibility complex of the rat (RT1) has been poorly characterized with respect to the number, linkage, and polymorphism of class I genes. To estimate the number of class I RT1 genes and the relative extent of their polymorphism, we performed Southern blot analysis with liver DNA from rat strains expressing eight RT1 haplotypes. After digestion with EcoRI and BamHI, the DNA was separated on agarose gels, blotted onto nitrocellulose, and hybridized with mouse H-2 cDNA probes, pH-211 and pH-2iHa. Ten to 20 EcoRI and 13 to 20 BamHI bands hybridized with pH-2I11 and pH-211a; restriction fragment length patterns were observed to be highly polymorphic. The restriction fragments associated with different RT1 haplotypes differed by 17-70%; this range is similar to the differences observed between mouse H-2 haplotypes. The same restriction fragment pattern was observed in DNA from three different rat strains sharing the same RTI allele, confirming that the patterns were RTI-associated. Further, the RTI1 and RT11"' haplotypes, which differ at a single previously identified RT1-linked locus, were associated with EcoRI restriction pattern differences of 39-50%, confirming the supposition that RT1 class I genes identified by previous serological and T-cell-mediated assays have identified only a minority of the actual number of RT1-linked class I genes. In summary, the results reported in this communication demonstrate that the RT1 complex encompasses a large family of highly polymorphic class I genes similar to the H-2 and HL-A complexes of mouse and man.
The major histocompatibility complexes (MHCs) of mammals include polymorphic class I and class II genes (1), whose products regulate various aspects of the immune response. Class I genes encode approximately 45,000-dalton cell surface glycoproteins; in the case of the mouse MHC, H-2, approximately 30 class I sequences have been identified by gene cloning experiments (2) . Among these genes are the previously identified K, D, and L (3) genes expressed on the majority of somatic cells and the Qa (4) and Ti genes (5) differentially expressed on lymphocyte subpopulations. Class II genes encode Ia molecules composed of two glycoprotein subunits with molecular weights of approximately 32,000 and 28,000 (6); class II molecules are primarily expressed on B cells (7) and macrophages (8) .
The outstanding characteristic of class I and class II MHC genes of the two most extensively studied species, mouse and man (HL-A), is their high level of polymorphism. In the mouse, approximately 50 different alleles at both the H-2K and H-2D loci have been identified in inbred and wild mice (9, 10) . The rat MHC, RTJ, has been suggested to be significantly less polymorphic than the H-2 and HL-A complexes. The RTI complex is composed of (i) class I genes, which are RTJ.A (H-2K and H-2D analogs) (11, 12) , RTJ.C (Qa analog) (13) , and RTJ.E (14) , and (ii) class II genes mapping to the RTJ.B region (15, 16) . Serological and T-cell mediated assays suggest that inbred and wild rats express a limited number of RT1 haplotypes composed of class I and class II genes of limited diversity (17) (18) (19) The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. (22) were generously provided by M. Steinmetz (Division of Biology, California Institute of Technology, Pasadena, CA). Intact plasmids were nick-translated and used directly as probes.
Agarose Gel Electrophoresis and Hybridization. Ten-microgram samples of digested DNA were electrophoresed on 0.8% agarose gels for 500 Vhr. Electrophoresed DNA was stained with ethidium bromide and nicked with UV irradiation for 5 min. After denaturation and neutralization, DNA was transferred to nitrocellulose paper by the method of Southern (23) and baked at 800C for 2 hr. Nitrocellulose filters were hybridized with the 32P-labeled pH-211a or pH-2III mouse cDNA probes (1 x 106 cpm/ml) in (i) 50% dextran sulfate/formamide; (ii) 1x Denhardt's solution (24) ; and (iii) competing DNA and a b
RNA as described (25) . Hybridization was performed at 420C for 20 hr. Hybridized filters were washed twice in 300 mM NaCl/ 30 mM sodium citrate/0. 1% NaDodSO4 at 250C and six times in 15 mM NaCI/1.5 mM sodium citrate/0.1% NaDodSO4 at 520C. Hybridized filters were exposed to Kodak XR-5 film with a DuPont Lightning Plus intensifying screen at -70'C. RESULTS Two murine cDNA probes were employed to identify rat DNA sequences homologous to mouse class I H-2 sequences. The 5' probe, pH-21II, encompasses a 300-base-pair cDNA insert extending over H-2 class I codons 63-160 in the relatively polymorphic exons (22) . The 3' probe, pH-211a, encompasses a 442-base-pair cDNA insert of codons 183-329 in the relatively conserved exons; the pH-2IIa probe was derived from cDNA clone pH-2II by removing a repetitive sequence in the 3' untranslated region. The results of hybridization of the pH-2III probe with EcoRI-digested rat genomic DNA fragments are presented in Fig. 1 Upper. DNA samples from 11 rat strains expressing eight RT1 haplotypes were digested with EcoRI and DNA samples from 6 rat strains were digested with BamHI (data not shown). Twelve to 19 EcoRI bands and 14 to 19 BamHI bands hybridized with the pH-2III probe (Tables 2 and 3) . As indicated by the range in number and intensity of hybridizing restriction fragments, extensive differences in restriction pattern were associated with different RT1 haplotypes. The percentage of differences between hybridizing restriction frag- Immunology: Palmer et al. Tables 4 and 5 ). Extensive restriction frag- (20) Numbers in parentheses are numbers of hybridizing bands.
Proc. Nad. Acad. Sci. USA 80 (1983) Proc. Nati. Acad. Sci. USA 80 (1983) 7619 human diseases. Toward this end, we have undertaken the characterization of the rat MHC, RT1.
The RTI complex of rats is composed of class I and class II genes. The class I genes can be subdivided into: (i) RT1.A genes, which appear to be analogous to H-2K, D, and L in the mouse (11, 12) ; (ii) RT1.C genes (13) , which appear to be analogous to the Qa genes in the mouse; and (iii) RTL.E (14) . These analogies are made on the basis of tissue distribution. Further, the class II genes coding for Ia-like antigens are encoded in the RT1.B region (15, 16) . However, the scarcity of recombinants within the RTZ complex has hindered the quantitation of class I and II genes as well as assignment of their relative map positions within RT1.
Given the apparent inability of classical genetic techniques to dissect the RT1 complex, we have initiated the characterization of RT1 class I genes by recombinant DNA techniques.
In this communication we have demonstrated at least 20 class I sequences, extrapolated from the number of bands hybridizing on Southern blots with mouse cDNA probes specific for (i) the second and third, relatively polymorphic, H-2 class I exons, and (ii) the fourth through eighth, relatively conserved, H-2 class I exons. This is, probably a minimal estimate since intensely hybridizing bands may represent multiple copies of class I sequences. Also, higher molecular weight bands are not as well resolved and may contain multiple species. These results are-consistent with those obtained for H-2, in which 30 class I genes have been identified by cosmid cloning (2) after the identification of approximately [13] [14] [15] [16] restriction fragments in Southern blot analysis (27, 28) . These results clearly indicate that the majority of rat class I sequences have not been identified previously by serological and biochemical techniques.
Another important observation reported in this communication is the obviously extensive polymorphism of RTJ class I sequences. This conclusion is reached upon estimation of the differences between restriction fragment patterns associated with the eight tested RT1 haplotypes. The percentage of differences between restriction fragment patterns associated with different RT1 haplotypes is on the same order as that observed for H-2 haplotypes (27, 28) . Inclusion of inbred strains defining the RT1P haplotype on three different genetic backgroundsi.e., DA, BN.DA-RTIa, and F344.DA-RTla-confirmed the association of polymorphic restriction patterns with the RT1 haplotypes of the donors.
The observed dissimilarity among restriction patterns ranged from 17% to 70%. Most interestingly, the magnitude of similarity did not correlate with previously reported RT1 haplotype similarity, which has been based on a variety of serological and T-cell mediated assays. The level of polymorphism observed with RT1 class I sequences is comparable to that observed by similar recombinant DNA techniques in the mouse (27, 28) . Given the large number of mouse H-2 haplotypes and the extensive polymorphism of their associated class I genes, we conclude that class I sequences in the RT1 complex exhibit a level of polymorphism similar to that observed for-H-2. This conclusion directly conflicts with conclusions drawn previously from serological analyses of RT1 haplotypes of inbred and wild rats, which suggest that the RT1 complex exhibits limited polymorphism (17) (18) (19) . However, the serological analyses expectedly suffer from a lack of sensitivity required to detect more than a limited number of RT1 class I alloantigens. The documentation of extensive polymorphism in the rat RTI complex is extremely important in that it supports the contention that one of the main characteristics of MHC-linked loci is their high level of polymorphism within a species. Further, since we have not been able to identify the restriction fragments encoding serologically detected class I genes, it is possible that the conventional RT1 products are similar and are encoded by one of the low-polymorphism bands. Definitive answers will come from studies of cloning and expression of rat class I sequences by DNA-mediated gene transfer.
The observations reported in this communication offer greater resolution in identifying the RTI haplotype origin of class I alleles associated with specific RT1 haplotypes. In particular, the RT1P and RTI"' haplotypes exhibited grossly dissimilar restriction patterns despite their apparent coinheritance of at least one RT1 .A allele (29, 30) . Of greater interest is the dissimilarity of restriction patterns associated with the RTI1 and RTl l haplotypes of LEW and F344, respectively. The only reported difference between the RT1 haplotypes of these two strains has been their expression of different alleles at the CT locus (26) , a potential analog of mouse Qa loci. The important conclusion to be drawn from the observations concerning the LEW and F344 RTI haplotypes is that identity at RT1.A and RT1.B loci should not be extrapolated to suggest identity at all other RT1 loci. In fact, the majority of mouse class I sequences have been mapped to the Qa-T1 region (31) , implying that even though two rat strains express identical RTJ.A and RTI.B alleles they are not necessarily identical at any other class I loci.
Up to the present, identification of single genes within the rat RTI complex and assignment of immunological functions to these genes has been extremely difficult. Exploitation of recombinant DNA techniques will facilitate this identification by enabling one to clone RT1 sequences and introduce them into new environments and characterize their gene products in isolation.
